Performance properties of electro-spark deposited carbide-ceramic coatings modified by laser beam  by Radek, Norbert & Bartkowiak, Konrad
LANE 2010 
Performance properties of electro-spark deposited carbide-ceramic 
coatings modified by laser beam 
Norbert Radek a*,, Konrad Bartkowiak b, c, d 
a Technical Univ. of Kielce, Aleja 1000-lecia Panstwa Polskiego 7, Kielce, 25-314, Poland 
b LPT Chair of Photonic Technologies, Friedrich-Alexander Univ. Erlangen-Nuremberg, Erlangen 91052, Germany 
 c SAOT Erlangen Graduate School in Advanced Optical Technologies, Erlangen 91052, Germany 
d Poznan Univ. of Technology, Institute of Mechanical Technology, 3 Piotrowo St, Poznan, 60-965, Poland 
 
Abstract 
The work presented in this paper determines the influence of the laser treatment process on the properties of electro-
spark coatings. The properties after laser treatment were examined by microstructure analysis, microhardness, 
roughness and adhesion tests. The studies were conducted using WC-Co-Al2O3 electrodes produced by sintering 
nanostructural powders. The anti-wear coatings were first deposited by an EIL-8A apparatus on C45 carbon steel 
and then laser melted within various process parameters. In this case Nd:YAG laser (BLS 720 model) was applied. 
The electro-spark deposited coatings are very promising to improve abrasive wear resistance of tools and machine 
parts, which was indicated by tribological tests. 
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1. Introduction 
Electro-Spark Deposition (ESD) or Electro-Spark Alloying (ESA) is one of the methods that require concentrated 
energy flux. The ESD technique was worked on intensively in the 60s and commonly applied to deposit hard-
melting materials on selected metals and their alloys, mainly steel, in the 70s. The processes of coating formation on 
metal parts including electro-spark deposition involve mass and energy transport accompanied by chemical, 
electrochemical and electrothermal reactions [1]. Today, different electro-spark deposition techniques are used; they 
are suitable for coating formation and surface microgeometry formation [2-6]. 
Coatings produced by electro-spark deposition are applied: 
1. To protect new elements, 
2. To recover the properties of worn elements. 
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Electro-spark alloying is becoming more and more popular as a surface processing technology. Electro-spark 
deposited coatings are frequently applied in industry, for example, to produce implants or cutting tool inserts. The 
coatings are deposited with manually operated equipment or robotized systems.  
Research on this technology is being conducted all over the world, and the companies interested in applying it 
include NASA and the US Navy [7-8]. 
As electro-spark coatings are reported to be resistant to wear and corrosion, they can be applied, for instance, to: 
ship propeller components, casting moulds, fuel supply system components, exhaust system components. 
The electro-spark deposited coating is characterized by non etching structure. It remains white after etching. The 
surface layer is constituted in environment of local high temperature and high pressure. The fundamental value 
parameters of electromachining are the following [9]: 
• Shock wave pressure comes from electric spark is (2÷7)*103 GPa,  
• Temperature (5÷40)*103 degrees Celsius. 
Nowadays various electro-spark deposition methods are applied in technological processes. The surface layer 
constituted by them is characterized by complex features of internal and geometrical structure. How the surface 
layer was generating by electro-spark deposition process is depicted in details in Figure 1.  
 
  
Fig. 1. Scheme of surface layer forming by electro-spark deposition method: 1 - material of base (cathode), 2 - working electrode (anode),           
3 - created coating with established operational features, 4 - plasma, 5 - diffusive or reactive-diffusive zone, 6 - nearer surrounding (shielding 
gas), 7 - further surrounding (air), 8 - electrode holder with channels supplying gas, IR - infrared radiation, UV - ultraviolet radiation 
 
Electro-spark deposited coatings have some disadvantages but these can be easily eliminated. One of the methods 
is laser treatment; a laser beam is used for surface polishing, surface geometry formation, surface sealing or for 
homogenizing the chemical composition of the coatings deposited [10-12]. 
It is envisaged that the advantages of laser-treated electro-spark coatings will include [13]: lower roughness, 
lower porosity and better adhesion to the substrate, higher wear and seizure resistance, higher fatigue strength due to 
the occurrence of compressive stresses on the surface, higher resistance to corrosion. 
The work discusses the properties of electro-spark deposited WC-Co-Al2O3 coatings subjected to laser treatment. 
The properties were established basing on the results of a microstructure analysis, roughness, microhardness and 
adhesion tests.  
2. Materials and process parameters 
In the experiment, the coatings were electro-spark alloying using a WC-Co-Al2O3 (85% WC, 10% Co and 5% 
Al2O3) electrode with a cross-section of 3 x 4 mm – the anode - onto samples made of carbon steel C45 – the 
cathode. The chemical composition of C45 carbon steel is presented in Table 1. 
Table 1. Chemical composition of C45 steel 
Element C Mn Si P S 
Content [%] 0.42 - 0.50 0.50 - 0.80 0.1 - 0.4 0.04 0.04 
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The equipment used for electrospark alloying was an EIL-8A model. Basing on the results of previous research 
as well as instructions given by the producer, the following parameters were assumed to be optimal for ESA: voltage 
U = 230 V, capacitor volume C = 150 μF, current intensity I = 2.4 A. 
Then, the coatings were treated with an Nd:YAG laser (impulse mode), model BLS 720. The samples with 
electrospark alloying coatings were laser-modified at the following parameters: spot diameter d = 0.7 mm, power    
P = 20 W, laser beam velocity v = 250 mm/min, nozzle-workpiece distance f = 1 mm, pulse duration ti = 0.4 ms, 
pulse repetition frequency f = 50 Hz, beam shift jump S = 0.4 mm. 
3. Results and Discussion 
3.1. Microgeometry measurements 
The roughness of the WC-Co-Al2O3 coatings was measured in two directions, which were perpendicular to each 
other. One measurement was performed in the direction of the electrode motion, the other perpendicular to the scan 
paths. The average value of parameter Ra was calculated from the two measurements. 
The roughness of the WC-Co-Al2O3 coatings after laser treatment was determined in the directions perpendicular 
and parallel to the axis of the paths produced with a laser beam. The roughness was measured using a FORM 
TALYSURF-120L.   
The average value of roughness was calculated for each coating. The literature shows that roughness profiles are 
usually measured along paths produced by a laser beam and the results do not reflect the real microgeometry of a 
surface after laser treatment. The maximum roughness heights are reported to occur in the direction perpendicular to 
the axis of the paths [13].  
The roughness of the analyzed WC-Co-Al2O3 coatings was in the range from 6.16 to 7.79 μm. After laser 
treatment Ra was from 8.12 to 9.03 μm. The without coatings steel specimens (C45) had a roughness from 0.39 to 
0.41 μm. Figures 2 and 3 presents an example three dimensional surface microgeometry measurement of the WC-
Co-Al2O3 coatings before and after laser treatment. 
From the measurement results it is clear that there is an increase in the roughness of the WC-Co-Al2O3 coatings 
after laser treatment. The higher roughness resulted from the tensile forces acting on the surface, and accordingly, 
the motion of the liquid metal. A non-uniform distribution of temperature in a laser beam (mod TEM00) caused the 
non-uniformity of the surface profile after solidification, which, to some extent, reflects the distribution of energy in 
the melted zone [14].  
 
  
Fig. 2. Three dimensional surface microgeometry of the WC-Co-Al2O3 coating deposited 
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 Fig. 3. Three dimensional surface microgeometry of the WC-Co-Al2O3 coating deposited after laser treatment 
3.2. Analysis of coating morphology 
A microstructure analysis was conducted for WC-Co-Al2O3 coatings before and after laser treatment using a 
scanning electron microscope Joel JSM-5400.  
In Fig.4 selected view of the surface microstructure of an electrospark alloying WC-Co-Al2O3 coating is 
illustrated. It is clear that the thickness of the obtained layers was 60 to 70 μm, whereas the heat affected zone 
(HAZ) ranged approximately 30 to 40 μm into the substrate, one can see a Fig 4 also reveals a clear boundary 
between the coating and the substrate and pores within microcracks are observed. The electrospark alloying WC-Co-
Al2O3 coatings were modified by the laser treatment, which caused their composition changes. The laser treatment 
leads to the homogenizing of the coating chemical composition, structure refinement, and crystallization of phases 
supersaturated due to the occurrence of temperature gradients and high cooling rate. 
 
 
Fig. 4. WC-Co-Al2O3 coating microstructure after electrospark alloying 
 
Fig. 5. Microstructure in the electrospark alloying WC-Co-Al2O3 coating after treatment with an Nd:YAG laser 
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The laser-modified outer layer does not possess microcracks or pores (Fig.5). There is no discontinuity of the 
coating-substrate boundary. The thickness of the laser-treated WC-Co-Al2O3 coatings ranges from 90 to 110 μm. 
Moreover, the heat affected zone (HAZ) is in the range of 50 to 60 μm, and the content of carbon in the zone is 
higher. 
3.3. Microhardness tests 
The Vickers method to analyze the microhardness of the coatings under a load of 40 G was used. The cross-
sections of the metallographic specimens were done parallel in three zones, i.e.: to the: coating, heat affected zone 
(HAZ) and substrate. The original material (substrate) was also tested. In Fig.6 the microhardness test results 
concerning the WC-Co-Al2O3 coatings before and after treatment are presented. The electrospark alloying process 
caused some changes in the material. The average microhardness of the substrate after ESA was 141 HV0.04, which 
was the same like in the initial state. The microhardness increase was achieved by deposited WC-Co-Al2O3 coating 
via ESA method. The microhardness was higher than substrate material. The average microhardness of the WC-Co-
Al2O3 coating was 843 HV0.04. It was characterized by 498% increase compared to the substrate material. The 
HAZ microhardness after laser treatment was increased by 168% in relation to the substrate material. It was 
observed a slight decrease, about 8%, in the electrospark alloying coatings microhardness after applied laser 
treatment. 
378
141
342
143
843
784
0
100
200
300
400
500
600
700
800
900
1000
Coating HAZ Substrate
M
ic
ro
ha
rd
ne
ss
 H
V 
0,
04
WC-Co-Al2O3
WC-Co-Al2O3+laser
 
Fig. 6. Results of microhardness tests 
3.4. Adhesion tests 
A scratch test was conducted to measure the adhesion of the WC-Co-Al2O3 coatings before and after laser 
treatment. A CSEM REVETEST scratch tester was used. The measurements were performed at a load increase rate 
of 103.2 N/min; a table feed rate of 9.77 mm/min and a scratch length of 9.5 mm. 
A special indenter - a Rockwell diamond cone with a corner radius of 200 μm, was used to scratch the samples at 
a gradually increasing normal force (load). The information about the cracking or peeling of layers was obtained 
basing on the measurements of the material resistance (tangential force) and the registration of acoustic emission 
signals. The lowest normal force causing a loss of adhesion of the coating to the substrate is called critical force and 
is assumed to be the measure of adhesion. 
The critical force was determined basing on the records of changes in the acoustic emission signals and the 
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tangential force as well as on the results of observations with an optical microscope fitted in the REVETEST tester. 
The values of the critical force were established by comparing the scratches left by the indenter with the responses 
of acoustic emission signals. Table 2 shows the values of the critical force obtained from three measurements of a 
given sample, the force mean values and standard deviations. 
Table 2. Results of the adhesion test 
Critical force [N] 
Measurement number Coating 
1 2 3 
Mean value 
[N] 
WC-Co-Al2O3 7.42 6.67 4.89 6.33 
WC-Co-Al2O3+laser 8.92 9.26 8.65 8.94 
 
Laser-treated coatings produced by electro-spark alloying are reported to possess adhesion higher than untreated 
coatings. The mean value of the critical force of the WC-Co-Al2O3 coating calculated from three measurements 
was 6.33 N; after laser treatment, it increased to 8.94 N. The treatment caused a 41 % improvement in the adhesion 
of the WC-Co-Al2O3 coating. The higher adhesion of coatings subjected to laser treatment was probably due to 
their lower porosity related to higher sealing properties. Further details, however, will be established in the next 
stage of the research. 
4. Conclusion 
The following conclusions can be drawn from the analysis and test results: 
• A concentrated laser beam can effectively modify the state of the surface layer, i.e. the functional properties of 
electro-spark coatings. 
• The laser treatment causes that the electrospark alloying coatings melt and then solidify. The refinement of 
structure and disappearance of microcracks were noticed. 
• Laser treatment caused an 8% decrease in the microhardness of the electrospark alloying WC-Co-Al2O3 
coatings. 
• After laser treatment, the roughness of the electrospark deposited coatings almost doubled. This phenomenon is 
unfavorable if we consider the quality and applicability of the coatings under certain service conditions. It is 
essential to determine which parameters of laser treatment cause the melting of the coating microroughness 
peaks (laser smoothing).  
• The favorable changes in the properties of electro-spark coatings after laser treatment lead to the improvement 
of the abrasive wear resistance. 
• In the next phase of the research, it is essential to determine the phase composition and porosity of the coatings 
before and after laser treatment. 
• It seems of significance to perform tribological tests for the electro-spark deposited coatings before and after 
modification with a laser beam. 
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